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This invention relates to marine depth flnders, 
and more particularly to those of the ultrasonic 
type, electronically controlled and operated. 
With this kind of device ocean depth beneath a 
vessel is quickly and accurately determined by 
directing recurring ultrasonic energy puises from 
the vessel toward the ocean bottom, receiving 
the corresponding echo pulses, and continuously 
or intermittently measuring the lapsed rime in- 
terval between the related transmitted and re- 
ceived puises. By relating such rime interval fo 
the velocity of sound in water, depth may be di- 
rectly indicated on a meter, in feet or fathoms. 
Apparatus of this general type is highly useful 
in navigation, in charting depths of navigable 
waters, and in other more specialized applica- 
tions, many of which are well known. 
My present invention primarily concerns ira« 
proved electronic circuits and circuit combina- 
tions which practically simplify and lower the 
cost of such depth flnders, in addition fo increas- 
ing their accuracy and extending their generaI 
utility. I-Iowever, it is to be understood that cer- 
tain features of the invention are hot restricted 
to depth flnders but may be used elsewhere, as 
will appear. Certain features of the system and 
aPparatus herein disclosed constitute the re- 
spective subjects of the following divisional pat- 
ent applications: Serial No. 271,961 flled Feb- 
ruary 16, 1952, for Detecting System; Serial No. 
271,962 flled February 16, 1952, for leceiver 
Blanking Circuit for Pulse Transmission Pecep- 
tion ystem; Serial No. 271,963 flled February 16, 
1952, for Puise Timing and leceiver Automatic 
Gain Control ïn Puise Object-Locating Systems. 
An object of the invention of instant concern 
is to devise a depth fmder system providing a 
continuous, accurate and automatically derived 
circuit response related to ocean depth and read- 
able on one or more galvanometers or other in- 
dicators which may be located af any selected 
positions on the vessel. An important related 
object is to provide special lapsed rime deter- 
mining circuit means capable of responding im- 
mediately and sensitively to the slightest of 
variations in lapsed rime, as occasioned by vari- 
ations in ocean depth, no marrer in what sense 
they may occur. Because the aPParatus may 
often be used by those hot specially trained in 
electronics, it is further desirable to avoid the 
necessity of critical apparatus adjustments to 
obtain proper circuit operation, and to simplify 
calibration of the device and its adjustment for 
different operating ranges. 
Further objects, and the various features of 
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2 
the invention, will become evident from the de- 
scription which follows and the accompanying 
drawings illustrating the preferred form of tuf 
invention as applied to marine depth flnding 
5 apparatus. In reading this description it should 
be kept in mind that various modifications or 
substitutions may be ruade in the circuits or 
parts thereof without altering the principles in- 
volved, and that various of the disclosed 
10 tures which perform useful circuit functions of 
a general character if regarded separately are 
applicable to devices other than marine depth 
finders. 
Figure 1 is a block diagram of my improved 
15 marine depth flnder apparatus, diagrammatically 
illustrating the principal component electronic 
circuits utilized and their functional intercon- 
nections. 
Figures 2 through 7 are schematic circuit 
20 agrams of certain preferred component circuits 
of the system, those not illustrated being entirely 
conventional or understood in the present state 
of the art. Throughout these figures, for ease 
of associating together the different detached 
25 figures, the individual circuit sections have been 
labeled and their effective input and output ter- 
minals identifled by reference to the other cirZ 
cuits to which they are connected and which 
are shown elsewhere. 
30 By way of further introduction, it is con- 
ventional to generate the beam of ultrasonic en- 
ergy by an oscillator-energized lochelle salt or 
quartz crystal transducer installed at the bot- 
tom of the vessel and directed toward the ocean's 
35 bottom. The pulsed oscillator usually operates 
in the frequency between 15,000 and in this case 
60,000 cycles per second and the puise repetition 
rate is made sufliciently low that the received 
echo pulses are returned to the transducer for 
40 electrical detection in the pulse intervals im- 
mediately following their corresponding trans- 
mitted pulses. Since the velocity of ultrasonic 
energy in sea water is aPproximately 4,825 feet 
per second, a pulse repetition rate of 100 cycles 
45 per minute is satisfactory for depths to 200 
fathoms. At greater depths this rate is de- 
creased. The pulse repetition rate is preferàbly 
maintained constant during a given operating 
condition. 
50 As will be explained, I prefer to pulse the 
transducer at a pulse repetition rate of 100 cycles 
per minute when operating at ocean depths less 
than 200 fathoms, and to decrease this rate to 
approximately 50 cycles per minute when the ap- 
55 paratus is set for audible output. In this alter- 



3 
native setting of the controls the apparatus 
set for listening, and a tonal characteristic 
then imparted fo the signal, as mentioned. At 
the reduced repetition rate if is possible to detect 
signals to a depth of 400 ïathoms or thereabouts, 
and fo listen ïor the rime interval between trans- 
mitted and received puises to estimate lapsed 
rime ïrom which depth may be estimated, or 
circuit means may then also be employed to take 
an actual measure of such interval if greater 
precision is desired. As will be evident, the op- 
erating ranges chosen are subject to variation 
and individual choice. 
In the block diagram oZ Figure 1 the preferred 
form of my depth finder system 
a manner intended to facilitate description and 
understanding of the invention and is not in- 

»599,58 
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I, 18 and 20 may be conventional in themselves 
but are nevertheless schematically illustrated in 
other figures ïor purposes of the description. 
The sawtooth-wave timing circuit  is ruade 
adjustable to control puise frequency, and the 
triggered puise generating circuit @ is adust- 
able to control pulse length. I prefer to employ 
longer puises (15 mifiiseconds) at the 200 fathom 
range and shorter pulses at the lesser ranges, 
such as 10 milliseconds at 100 fathoms and 2.5 
milliseconds at 20 fathoms. By varying puise 
length with range setting in this manner I ara 
better enabled to obtain a maximum ratio of 
signal-to-noise in the system by use of ad]ust- 
able filter circuits in the receiving channel to 
filter out the random noise but hot the signal. 
The faint electric signals prodIced in the 

tended to be entire]y comprehensive in respect transducer by the received echoes are amplifled 
te detail. It will thereïore be realized that the in circuits 28, and at resulting greater ampli- 
varlous blocks represent primary ïunctional coin- o0 tude are applied to the circuits  comprlsing 
ponents, and that, ïor the sake of simp!icity, the a signal detector and noise filter circuits. The 

diagram omits certain less important or under- 
stood parts or circuits. LLkewise, if will be under- 
stood that the narnes given the various circuit 
sections are not always the most general that 
could be employed fo cover possible alternative 
devices which could b. used. The portion of 
this description which immediately follows 
devoted to a functional description oZ the sys- 
rem by reïerence to Figure 1. Later, the de- 
scription takes up detai!s of the circuits. 
In the figure, the u!trasonic transducer. 
may be oï any conventional design adapted for 
installation ai the bottom of a marine vessel. 
When the transducer is impressed with electric 
oscillations in the ultrasonic range, L e., such 
as 25,o0o cycles per second, ultrasonic energy 
is beamed toward the ocean bottom ai the 
quency oï energization, and upon reflection at 
low energY level is converted bY the transducer 
inoe an electric signal capable oî amplification 
and utilization for the purposes described. Be- 
cause the operating electronic circuits are to be 
located at a diiTerent position on the vessel, 
ergizing ultrasonic impulses and received elec- 
tric signals are conducted to and frorn the trans- 
ducer through a shielded coaxial cable . 
The transmitting channel oï the systern in- 
cludes the ultrasonic oscfllator and amplifier 
circuits , preïerably of conentional design, 
periodically pulsed by a suitable modulation sys- 
tem including the swtooth wave generating 
circuit or osciliator t controlling puise timing, 

detected signal impuises are then applied to 
the puise amplifier and reshaper circuit $2 which 
increases their amplitude and restores a sharp 
2 or steep leading edge to the pulses partially 
moved by the process of detection and noise filter-. 
ing. Such sharp leading edge of the detected 
puise is further accentuated in point of time bY 
the diiTerentiating circuit $4 connected to trig- 
ô0 ger «oiT" the scaleof-two square wave generat- 
ing circuit $. 
Modulating puises enerated by circuit @ are. 
likewise passed through a diiTerentiating or peak 
ing circuit 2t which converts the leading 
$5 transient edges oï each pulse to a sharp impulse o 
short duration. In this case the resulting sharp 
impu]se is utilized to trigger "on" the square 
wave generating circuit. The scale-oï-two cir- 
cuit is sometimes referred fo as a "fiip-floP" cir- 
40 cuit. Such a circuit is characterised by its ini- 
- tiation into one static state of operation by ap- 
plication oï a flrst impulse to a control point, 
and oï termination or return to its original state 
oï operation by application to the saine or a 
45 diiTerent control point in the circuit oï a sec- 
ond impulse. The circuit is employed in the 
present application to generat a voltage wave 
or puise having steep leading and trailing edges 
coincident with the first and second applied 
5O puises. P,eïerably the wave generated is of 
square or rectangular ïorrn, initiated with the 
transmitted puise and terminated with the echo, 
each puise cycle. OEhhe duration of this square 

the differentiating circuit 18 or its equivalent wave therefore precisely equals the time of travel 
converting the sharp transient trafling ends of  oï uitrasonic energY ïrom the vessel to and ïrom 
the sawtooth waves into sharp or peaked triggm" the ocean bottom and constitutes a measure oï 

impulses, the modulating-pulse generating cir- 
cuit 20 triggered at the sawtooth wave frequency 
by the output of the differentiating cirouit $, 
and the buffer amplifier circuit 2 directly modu- 60 
lating the ultrasonic osciliator with the ampli- 
fled pulses. Although other pulse-timing and 

ocean depth. The manner of utflization of this 
square wave to measure and indicate depth is 
the subject of a lar portion oï this description. 
!t will be evident that echo signals are much 
stronger in shallow water than in deep water 
because of the divergence or spread of the trans- 

generating circuits than those mentioned may be mitted ultrasonic beam, and thereby the reduced 
emDloyed, I prefer a sawtooth type pulse-tim sound intensity impinging a unit area oï the. 
ing circuit, because the wave-form produced by 65 ocean bottom at greater depths, and also because 
it is adapted directly. ïor application fo the re- oï the divergence oï the refiections. Ordinarfly, 
ceiving amplifier circuit as a cyclic automatic thereïore, the signals ïrom shaliows are much 
volume control, as will be later described more stronger than required to operate the sensitive. 
ïully. The wave-ïorms appearing at successive electronic receiving circuits, while those ïrom 
points in the transmitter channel are indicaçd 70 the greater depths rnay be so ïaint as to require 
in the figure, the symbol T designating the maximum receiving sensitivity. It wi]l then be 
start oï each transmitted puise. Circuits in- immediately evident that a receiver which equal- 
cluded in the blocks tt and  are so conven- ly amplifies echo signals ïrom all depths wili 
tional as to require no particuiar description or tax the capacity oï any measuring circuits fo 
aroher illustration.. OEhose rep.esenod by blook s. 5- respond similrly to the signals which occur at 



6 

the widely diveroEent intensities, a condition 
which is naturaHy undesirable. Moreover, when 
listening to the signal sounds it will be more 
diflicult to recognize the identifying signal char- 
acteristics if this intensity variation is great. 5 
The .problem is overcome in simple, effective 
manner by directly utilizing the sawtooth volt- 
age waves a]ready available from the sawtooth 
puise timing circuit |6 and applying such waves 
as cyclic automatic volume control voltage to the 10 
receiving amplifier circuits -8, as indicated in 
Figure 1. Accordingly, the applied progressively 
rising sawtooth voltage occurring during each 
Puise cycle, commencing immediately with the 
transmission of a puise and ending with the 15 
transmission of the succeeding pu]se, progres- 
sively raises the gain of the receiver during that 
interval so that signa]s in shallow water are 
amplified less than signais in deep water, gen- 
erally proportionately. Consequently, no manua] 
control is necessary to adjnst detected signal in- 
tensity throughout the full operating range of the 
apparatus, and even if sawtooth frequency is 
changed with range adjustment, the control is 
unchanged. 
Another prob]em encountered results from the 
Puises of high intensity ultrasonic oscillations 
from the oscillator |4 entering the receiving cir- 
cuits 28 over the saine circuit conductor 36 as the 
faint received echo signais from the transducer, 30 
tending to overload the amplifier circuits. A 
simple addition to these circuits as described 
overcomes the difliculty with vacuum tube over= 
load, but there remains the more serions prob- 
lem of the transmitted pulse, at substantial in= ,% 
tensity, passing the circuit stages 30, 32 and 34 
and reaching the scale-of-two circuit 26. If 
allowed fo reach the circuit 26 this puise wouid 
arrive at an appreciable, though slight, rime after 
the circuit is triggered "on" by the differentiating 40 
circuit 24, because of the inherent de!ay en- 
countered in the receiver channel, and wouid 
tend to trigger "off" the circuit 6 at the wrong 
time, belote reception of the echo, a condition 
obvlous]y unfavorable. To completely avoid any 45 
such possibility I prefer to e]iminate the rans« 
mitted pu!se from the receiwr channel at the 
stage of amplifier , or beyond, by deriving a 
blanking puise coexistent with or overlapping all 
portions of the transmitted puise in the receiver, 5O 
and applying it as a blocking bias fo such ampli- 
fier. As indicated by the wave form shown in 
thi figure, the transmitted puise occm.ring at 
rime T and an echo signal at rime T arbitrarfly 
chosen are both a]lowed to pass detector 30, how- 55 
ever. 
Following application of each b]anking 
it is desirable fo aHow immedate recovery of 
circuit sensitlvlty. A B. C. restorer circuit  
interposed between the detector amplifier circuit 
$8 and amplifier $2 perorms this function, as 
later described. 
Having thns ar generally described the trans 

rudes of the sawtooth voltage WaveS r0m circui 
44 become directly proportional to ocean depth, 
and are detected by a peak voltage detector cir- 
cuit 46 to produce a steady output voltage which 
can be read on a galvanometer or other indicator. 
I-Iowever, instead of applying the output of peak 
detector 46 directly to a galvanometer, which 
would impair the detecting characteristic of the 
circuit 46 by providing a low impedance discharge 
path for the storage condenser of the peak de- 
tector, this steady voltage is applied first to a 
vacuum tube volt meter circuit 48 which in turn 
operates indicating meters . A continuous 
depth indication is thereby produced automati- 
caliy, accurately and in simple manner, and any 
number of galvanometers or other indicators may 
be provided at convenient points throughout the 
vessel without appreciably adding to the cost. 
A particular feature of the lapsed-time meas- 
20 uring and indication circuits, later described in 
full detail, comprises the triggered voltage 
equalizing circuit 2 which cooperates with the 
peak voltage detector 46 to enable the latter to 
respond sensitively to changes in ocean depth no 
25 marrer how rapid or in what sense they may 
occur. The voltage equalizing circuit ]S essen- 
tially a one-way switch, triggered or initlated 
into operation momentarily at rime T, at the 
end of each sawtooth wave from circuit 44, by a 
sharp impulse from the differentiating circuit 
which peaks the transient trailing end of the 
square wave produced by circuit 26. In a sense» 
this circuit "compares" at rime T the instantane- 
ous peak amplitude of the sawtooth voltage with 
the existing voltage of the charge stored by the 
condenser in the peak voltage detector circuit 
6. It will be evident that the latter is capable 
of gaining a higher voltage simply by the process 
of conduction of its detector means, adding 
charge to the condenser when ocean depth in 
creases and the sawtooth wave peaks fise 
cordingly above their former value and the steady 
condenser voltage of the detector circuit. It is 
likewise important that the condenser retain its 
charge between sawtooth peaks if ifs voltage is 
to be sufiïciently iteady to prevenç fiicker of the 
indicator meters . The diflïculty, therefore, 
lay in the condenser being enabled to lose its 
charge sufiïcientty rapid]y fo maintain its voltage 
accurately representative of depth should the 
ocean depth suddenly decrease. As will be ex- 
plained, the voltage equalizing circuit , which 
"compares" voltages, as mentioned, overcome. 
this difliculty by removing excess charge from th 
condenser, if necessary, each puise cycle to pre- 
vent discharge of the condenser lagging behind 
a drop in sawtooth wave peaks. The arrange- 
ment thereby permits desirably the use of a peak 
detector circuit with a high rime constant or fil- 
60 ter-factor, capable of producing a steady, ac- 
curate meter defiection. 
Still another feature of the system, as general- 
!y illustrated in the block diagram, resides in the 

mitting and receiving circuits, by which the provision of a beat frequency oscillator circuit 6 
scale-of-two square wave circuit is "turned on 65 tuned to a frequency near that of the ultrasonic 
and off," it is now timely to consider the manner oscfl]ator |4 fo produce an audible beat note 
of utilizing the resulting square waves, or more when mixed in the detector  with the received 
correctly, their duration, to measure and indi- echo signal to enable listening to the signals 
cate ocean depth. After passing through a buffet received. The resulting pulsating output signais 
amplifier circuit 4, the square wave from cir- 70 from the detector 3 are amplified in the audio 
cuit 6 is applied to a linear sawtooth geneïating amplifier circuit $ for application to a loud 
circuit 44. The latter produces a linearly rising speaker 6 or headphones. From the nature of 
voltage commencing at rime T and terminating the audible signal tones thus produced the opera- 
at rime T when the echo is received. Since this tor is enabled to recognize the presence of schools 
fise in voltage is linear the resfilting peak ampli- 5 of flsh in the water or the relative softness of the 



eCen, bottom The recurrlng, sounds produged 
from the echo signals are more staccato or sharP 
when the refiecting ocean bottom is hrd, and 
become slurred or legato wih a soït ocean bet- 
tom. This enables, identiïying favorite fishing. 5 
grounds; ïor examp!e. The presence of  School 
of fish is-heaid as a periodic rushing sound of 
duration determined by the thickness 0f the 
school in depth. As previously mentioned, puise 
repetition rate is set at approximtely 50 cycles 
perminute when the apparatus is used for listen- 
ing purposes. At this frequency itis also readily 
possible to listen for the lapsed rime interval 
preceding return of ocean-bottom echoes at the 
reater depths up to 400 fahoms in the described 
case; when it may be that. the automatic depth 
measuring or indicator ciïcuits of a particular. 
system are hot designed or connected up for oP  
eration at such depths. 
In the.. remaining figures and in the following 
more. detailed déscription of novel portions of 
the ch-cuit and s.ssociated portions, it will be 
convenient to refer to. a number of switching 
positions, such as four, of the depth flnder 
paratus, the first three corresponding fo the ar- 
bitrarfly chosen three operatin ranges of 20 
fathoms, 100 fathoms and 200 fathoms, respec- 
tively; and to the corresponding increasing pulse 
widths, as previously mentioned, and the fouzth 
position corresponding to the listening or. audi 20 
bleo output setting of the apparatus when pulse 
repetition rate is set at 50 cycles per minute to 
receive, echoes, to 400 fathoms. In practice 
adjustable portions of the circuit may be sét 
simultaneously asby rotating a sinle switch ro 25 
ton carrying multiple sers of contacts, or sep- 
arately by operatin individual switches. In the 
schematic circuit diagrams correspondin num- 
bers 1 to 4 are given the i]lustrated switch con  
tacts. 
A convenient nd simpiesawtooth wave 
erin circuit for use as an automatic volume 
control for the receiver amplifiers (Figure 2), 
and fbr timing the operation of the triggcrd 
Iuls gener.ting circuit (Figure 4) appears in. 
Figura 4. In its fllustrated form, the circuit 
comprises a simple neon tube relaxation oscilla- 
tor, includin the neon tube , the rime-con- 
stant determining circuit ruade up of the stoïaoEe 
condenser 84 and charging resistor 8, and the 
resistor  connected in series with the tube . 
The circuit also includes an alternately inclUded 
storae, condenser % switched in parallel wïth 
the condenser 8. of the control switch to de 
crease the normsl oscillation frequency of lOO ,, 
cycles per minute fo 50 cycles per minute, resis- 
for 8 and the supply voltage being properly 
chosen fo attain this result. es!stor $ is 
utflized fo prevent ¢.xcessive dischare current in 
tube 2 durini discharge of the storage con- 6o 
densers, lesistors $ and 8, in series, offer suf- 
ficient resistance to prevent sustained ionizing 
current flowing in gas tube $2 normally from the 
voltagesource. Thesawtooth wave produced is 
applied to the receiver amplifier through a D. C. 
blocking condenser  and resistor .4, and to. the 
delayed multivibrator type pulse generating cir- 
cuit  (tubes  and , Figure 4) through the 
series.resistor  and coupling condenser $, as 
shown. 
The condenser  and the. grid leak resistor 
9-and alternatively included, selectable, paral- 
lel. resistors $ and " (switch positions 1 and 
2»respectively) constitute a differentiating cir-- 
Cuit" which converts .the %ransient:tCminal porc 

ti0US of the recurrïng Sawt0oth Wa#es into 
negitive impules capable of triggering. "Off'" thé 
amplffler tubè 8 og the pulsa generating 
to initite the modUlating puls6. For th PU- 
pose condenser 8 fs chosen mall (perhaps 00 
micro-microfarads), and thë resistors 8, 
and " are large (perhaps 6 megohms, .5 meg- 
ohms, and 10 megohms, respectively) the' par- 
ticular size of the resistors, however, being de- 
] 0 termined primarily by the desired length 0f pulse 
to be produced by the delayed mu!tivibrät0r- 
cuit in the various switch positions. é pUlS 
enrain, delayed mu!tivibrator circuit, in- 
cluding amplifier tubes 8-and 8, iS 0f c0nvën 
]5 tional design, capable of initiati0n by appllk '- 
tion of the triger pulse to the contr01 grid 
the normally conduct tube ] Whe . thùs 
momenarily cut. off by this tigger pué 
tube $ pplies a positive potentiel to tH  
control grid of tube 8 rendering  the ler cn  
ducive. be 8 is then renderèd fther 
conductive, and the condition persiSts until;-i 
the usual manner, a. predeterrnined te latin,, 
fixed by the capacity of the condenser 8 afid:thè 
particular resistance switched in the grid cict 
of tube , the grid oî tube $ again becomes 
positive and the tube conductS. In theman - 
time the resulting neative output pu]s, appar- 
ing at the anode of tube. $4; initites the scal - 
of-two Dulse generating circuit (Fige:6), and 
alto acts to overcome the negtive bias- 
pressing oscillations in the ultrasonic osciHaor,. 
to tender the ltter operative-nd-energizetHe  
transducr. 
In Figure 2 ar showu repesentative recèiVin  
amplier stages of the preferred; double-tned. 
tye, of which there may be any nbC in 
receiver depending opon theam0tmt of receiver 
gain desired. Thë received signal applied te the 
amplifier input terminal 8' passes, thr0ug the 
coupiing condenser  t0 the contrel grid- of. th 
first amplifier tube  having a tuned circuit 
4 in its anode lead.. By indubtive coupling the 
tuned circuit 95 in the grid leadoî the succed- 
ing amplifier tube   is energized at amDlifie 
level for furthr amplificatimoE in-te latterïtfib 
.and coupling from the latter's tuned plate cir 
cuit 9 to the tuned circuit  in te grid lead 
of a  succeeding amplifier tube (hot sh0wn). 
Double-tuned ampli.fiers of this type re geerally 
convntiona!. However, certainsimple additions. 
have been ruade in the circuit ad in itsmode 
of opération to improve its utility for trasoc  
depthfinding accorn-to the prescrit inentio'n 
The first improvement includes the adoEtion 
the gridcathode circuit of the tube $, for ex- 
ample, of the parallel .-C. circuit, including te 
resistor $ and th by-passingcodensr 
coectd between 2Tound and that sideof the 
tuned circuit  which is remote from thetube's 
control grid. By choosing this resistor and cona 
dnser of proper sizes (such as 500 mcro-micro- 
farads and 1 mgohm, respeotively) excCsive 
plate current-in tube $ is preventedwhen 
tub is overdriven, as during the transmitted 
pulse entering the receiver, by the-prooess of 
leak detection or self-biasing of the tube. us, 
following an exceedinly short initial surge-of 
current through tube $, during which condenser 
70 4 is charged, plate current immediately assumes 
an allowable value compatible with the tube's 
normal capacity; as establishedbY the nêgative 
bias developed by grid current fl0win resistor' 
 $. e weaker;- signal pses d o otcause grid 
5 cur.ent t0 flow- ahd  n0 ngative 



during their application fo the tube, which thus 
amllifies them fuily. The condenser |} is an 
ultrasonic .by-pass, effectively connecting the 
tuned circuit 96 and the tube's cathode directiy 
together for ultrasonic frequency currents, and 5 
thereby prevents any reduction in useful gain of 
the amplifier stage by the presence of the reN 
sistor ! 96. 
Another feature relating to the receiver ampli- 
fier circuit is the application to an amplifier 
control element therein of the sawtooth auto- 
matic volume control voltage from the-circuit 
|6 illustrated in Figure 4. This voltage, enters 
ai terminal ! 98 and is applied to the grid of tube 
98, for example, to control the tube's gain through 15 
the effect of sawtooth bias. The connection is 
ruade at the cathode rather than the grid side 
of tuned circuit 96, and resistor 74 (Figure 4) 
is inserted in series with the lead-in conductor 
connected fo terminal 106, in order to isolate 20 
the sawtooth wave generating circuit 16 from 
uitrasonic currents which might cause unde- 
sired discharge in neon tube $2 (Figure 4). The 
cathode of tube 96 is returned to a source of low 
positive voltage which is ruade adjustable to 25 
establish the desired operating point on the tube's 
characteristic. 
Figure 3 illustrates the signal detecter and 
noise fllter circuits 39, the beat frequency oscil- 
lator 58, the puise amplifier reshaper 32 and the 3o 
audio amplifier 56. The recurring pulses, both 
transmitted and received, passing through the 
receiving amplifier stages, are applied fo the 
tuned circuit ! ! 0 in the grid lead of the amplify- 
ing grld-leak detector tube !!. This detecter 35 
circuit includes the grid leak resister !!4, the 
D. C. blocking condenser !!6 connected between 
the grid and the tuned circuit ! ! 0, the anode re- 
sistor !!6 and the small (perhaps 500 micro- 
microfarads) anode by-pass filter condenser 12 0 
which filters out the ultrasonic oscillations 
detection purposes. 
Through coupling condenser 122 the detected 
or rectified signal pulses pass to an integrating 
type noise filter circuit including the series resis-. 45 
tor ! 2, the shunting condenser ! 26 and the alter- 
naively selected parallel condensers !-6' and 
!6"" connected between grid and cathode of the 
pulse amplifier-reshaper tube 128. The noise 
filter circuit 12.$, etc., filters out most of the 50 
interference "noise" entering or generated in the 
receiver channel, but af the saine rime if neces- 
sarily somewhat distorts the received and detected 
signals by somewhat rounding off the Puise cor- 
nets or edges. The reason the distortion is hot: 55 
great, or that the signal pulses are not also elim- 
inated by the filter circuits, is that they are of 
substantially longer duration than most of the 
noise impulses which appear in the circuit. 
Changing the setting of the switch successively 
through positions 1, 2 and 3, respectively, in- 
creases the capacity of the filter (condenser 
being larger than !-6') and enhances the filter- 
ing effect. This is done af the higher range set- 
tings wherein noise tends fo be more prominenç 
and obscure the signals, i-Iowever, no undesired 
proportionately greater distertion of the signal 
occurs from such adjustments, since pulse length 

plification factor. The effect is fo steepen the 
leading edge or front of the signal puises by dint 
of amplification, and fiatten the puise top be- 
cause of the anode resistor 13 of the tube 28 
being suflicientiy large that the tube saturates 
before the applied signal reaches full amplitude. 
From the anode of tube 128 the reshaPed recur- 
ring signal puises are differentiated and applied 
to trigger "off" the scale-of-two square wav cir- 
cuit ., periodically. 
The transmitted Puises detected in the receiver 
channel are blocked from amplification in tube 
!8 by application of the negative blanking puise 
o the terminal !2 and hence to the control grid 
of the tube at the saine rime the detected trans- 
mitted puise also reaches this point in the circuit 
through the receiver channel. The former is of 
greater amplitude and of opposite (negative) 
polarity, hence renders tube 126 nonconductive at 
that rime. Any negative charge which then accu- 
mulates on condensers 125, 126' . .  , producing 
negative bias on the grid of the tube, is lost quickly 
by discharge through resistor 12, enabling rapid 
recovery of full amplifier sensitivity to received 
signals. 
When the switches are turned to the listening 
setting, position 4, the puise repetition rate of 
the relaxation oscillater is decreased from 100 
cycles per minute to 50 cycles per minute. Ai 
the saine rime, the beat îrequency oscillator 56 
(detailed in Figure 3) is set into operation at a 
frequency wlich appropriately differs from the 
ultrasonic frequency to produce an audible beat 
note in the output of the signal detector tube ! 2. 
If the ultrasonic frequency is 25,000 cycles per 
second, a signal tone of i000 cycles per second is 
produced by tuning the beat frequency oscillator 
to 24,000 or 26,000 cycles per second. The beat 
frequency oscillator, including tube 3, is a con- 
ventional type of circuit and needs no description. 
It is tuned by switching capacitance in and out 
of the circuit. Oscillator output is coupled to the 
control grid of the detector amplifier !! 2, either 
directiy or conveniently by the stray capacitance 
C between the circuit sections, indicated by 
dotted lines in the figure. The resulting audible 
signals produced in the loudspeaker or head- 
phones assume a tonal characteristic or "chirp- 
ing" sound which replaces what wouid otherwise 
be a dull thudding noise having no features dis- 
tinguishable to the ear, and if is possible by listen- 
ing fo these sounds te make the determinations 
suggested previously. Since the blanking puise 
applied to terminal |32 (Figure 3) must pass 
through the voltage-dropping resistor 12 belote 
reaching audio amplifier 136 it does not blot Out 
the transmitted signal passing detector tube !!2, 
and this is heard along with the received echo 
signals, enabling gauging depth by listening for 
the lapsed rime intervaL 
Figure 7 illustrates the circuit for deriving the 
blanking puise for application to the grid of tube 
t$. The ultrasonic transmitted oscillations from 
transmitting oscfllator | are passed through a 
detector-amplifier tube |38, operable by rectifica- 
tion fo produce a negative blanking pulse. Be- 
cause of circuit delay in the double-tuned receiver 
amplifier stages, the transmitted puise passing 

is preferably simultaneously also increased to pre- the receiving channel will not precisely coincide 
serve a sufliciently high or maximum signal-te- ï 0 in point of rime with the original pulse detected 
noise ratio at different range settings, by tube 136, the latter somewhat preceding the 
Any slight roundingor deformation of the puise former. This tends te cause incomplete blanking 
by the noise filter circuit is substantial!y elim- of the intruding transmitted pulse and would 
inated by passing the signal through the pulse allow ifs trailing end fo reach the scale-of-two 
a_mplifierrreshaper tube !6 having a high m .5 circuit 26. TO_ overcome this difficulty I empl0y 
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a blanking-pulse lengthening condenser I0, con- 
nected Irom anode .fo groun¢l across tube 
-Thê operation is a oll0ws: Since onlF part of 
 the full amplitude or value of e blanking pulse 
:isnecessa,to effect fUll blaing of the amplifier 5 
tube I.8- (dotted line, Fige ï) the base of the 
ammed pse being broadened bF the grad- 
ualsl0peimParted  the pulse eesbF the-con- 
de.er, %he- effect is %o lengthen e blankg 
period from a length  fo a- length s. The effec- I0 
tive]y pro%racted blking pulse then overlaps the 
en%Ire sni%ted pse which I is  blnk. 
 e blRing pulse psses çhrough a D. C. 
blocng condenser  2 nd .serles resisr i 44 fo 
-%hegd ofampler tube 2B..A diode tube 
 -coecd from ween -tis condense and 
 reSlSr o grod potential, discharging the 
.coupng condeer 2 meditelF following 
-blnk pulse. By thls means the quiescent 
voltge ai he id of tube 128 is restored ironie- 20 
ely following %he blankg pulse. 
e scle-Of-two square wve generatg cir- 
cuit  shown in Figure. 6 and comprises one of 
-.several known Iternative circuits of a type 
adpted  be swlhed be%ween alternative 25 
sgeady perng sttes, fo prod.uce aes of 
deerminble lengh resulting from. successive 
gg. pulses applied recurringly thereto. The 
illusged circt is of the modifled Eccles- 
Jdn tF, compring ampler tubes 14S and 30 
 whose suppressor grid circui re balanced 
by a.vriable center»tuP reslstor I8 snd whose 
p.or ctrol  circui.Include the digm[en- 
-ig cdeer  -and reto  S4 combina- 
nsown, f s Iggerg cion. A nega- 
ve...pse, cdincïg wlth he .[ansmitted 
-:p, ppld -hhever ofe, tubes  , 
is cou, wihes. the circuit:om one 
.'thé-res of the tbes --%ht :respect, and 
tln he. postive sq_e wve pse .at 
ot-point [S6.. e ter pplicatton of he 
..coEed :siul  anotr .control grid tennstes 
the qu wue, which then. necesr becomes 
 aduration eql to the te of travel of the 
.ulssonic ene.y from the .oeansducm o and 
-I the-ocean bofitom. e. siive 
-ve isinverted in polarity by the buffet amp!i- 
:fier 18 for upplication to-the Hneur sawtooth 
ae-genera%or (gure 5). .50 
 AS.geady explained, %he function of fihe linear 
 sawoth ave generator is fo produce, a linearly 
rFing v01tuge dung application of the square 
wave from the circuit 2 , the sawoth peak 
 plitude corresponding aceurtelF to instan- 55 
%uneous oceun depth. This circuit includes the 
orage condeer I fi,normally in a state of full 
dischuge through the positively biased amplifier 
swith tube 12. Upon application of the nega- 
tire square wave from mpl.ifier-tube 18 to %he 60 
eor01 gd of ,stch tube 12, oercoming the 
. positive bias and rendering the be nonconduc- 
 tlve, condenser 16 commences fo charge linealy 
'from a soce of positive voltage through 
-selected one of the series sawoth-slope deter- 
iningresistors 1ri4, Ifi'-and 14". The con- 
de.er continues to charge for the duration of 
 %he applied negative square wave, after which it 
is :immeteIF fichaed for another cycle. 
Ding charging of condenser I, the con- 
-denser lfi in the cathode circuit of the diode 
rectifier t88 likewise charges %hrough the ode; 
however, at %he end oY %he sawtooth wave the 
la.er condenser.retains ifs churge, corresponding 
to:peuk suwoth amplitude, because of the in- î5 values. 

ability of .the diole îo conduct in-e .reverse 
direction. This.diode.and condenser ! 8 thereby 
form:a peak voltage detector circuit 4. (Figure i) 
which produces a steady or direct voltage follow- 
ing the sawtooth peaks, applied-to the control 
grid of the vacuum tube amplifier Ii)in the 
vacuum tube voltmeter circuit (48) to control 
deflection of the depth meter 0 linerly .as a 
function of condenser voltage. 
Because of the high impednce oï the grid 
circuit of amplifier tube 170 smd the high inverse 
impedance of the diode rectifier l8, _condenser 
I  retains substtllF ifs entir charge 
tougho.ut the piod between succeeding saw- 
tooth ave peaks. In_fact, if the peaksswZooth 
volge does hot change, corresponding to. u c- 
stunt oce deph, oer a period of rime, on]y 
minute chargg impulses fiow fo condenser 
.s necessuy fo maintain its peak voltuge con- 
stant by ,compensating for any slight reidual 
leakage  the condenser or connected, cm- 
ponents. so, if the ocean depth increses 
precibly, the peak suwtooth volge crrespond- 
ingtF rising, a greater amount of charge flows to 
condeer 168 through the diode 168, so thut the 
meter  sensitivelY follows increasing chunges 
in ocean depth without anF dicultF. Howev.er, 
becae .of the high ccuit impedance to con- 
denser 4ischurge, a .sudden deerease in e?n 
depth would not be felt bF the .meter for a con- 
siderable period of rime-unless some .provisien 
were ruade fo discharge condenser l ]ntil l 
.stored voltage corçesp.onded fo the reduc.ed 
amplitude of the suwtooth wa7e. .A volts, ge 
.equaling circuit s.ccemplishes ths result by 
effectively ".comparing" .the voltag.e-of condenser 
186 ¢ith the :ak umplifiude, of-t-he 
wae ai the peak periods, .und.-thon removin2 
F .surplus charge from t: conder s 
be necessarF fo poduce equalitF. 
e in-ccuit inclúdes the.vcu 
amplifier 12 havg ifs anodeconnecte.d t-the 
cutho.de of. dio.de l8 and ifs.cathode fo the-anode 
of he de.. The.tuhe !2 .c as-a vacuum uhe 
swit.Ch normaHy biased..negativelF beyond .cut«o[ 
so thut i. then remov_es.no churg e. f,om . ondenser 
16. Howeer,.ake end of the square çs%. 
plied  switch tube _lfi.» cor_esponding to the 
end of the sawoh ae, u ..sharp positive ira- 
pulse, deried from .the _end of the .square voeave 
by the differentiating cdenser l I4 und 
Iç combination, is applied fo the control.gri of 
tube !2, voEhich renders it momentarily con 
ductive, Current then flows in tube I 2, but.only 
if the voltage of condenser I6 exceeds the peak 
voltage of the sawtooth wave, theeb substan- 
Nally equalizing the former with the latter, 
desired. A circuit of the foregog type, alone, 
or combined with a sawtooth ccuit and a peak 
voltage detector, is well adaPted for the mesure- 
ment of rime intervals, or the like, ïn othCr tes 
of systems as well as the. pres.ent one. 
The vacuum tube voltmeter chcuit follovs 
more or less conventional pattern, the meter 
being connected in the cathode side of the mm- 
plifler tube I and in sees wiçh selectable 
resistors 18, 18' and 18". e derent re- 
sistors are switched into the circuit fo prode 
the dïfferent rane scale readgs on meter 
corresponding to the different slopes of the linear 
sawtooth wave generated in the preceding circuit 
(4) at the differen range settings. These 
sistors 18 etc., are adjustable fo compensate for 
anF discrepancies  the actual resistance values 
of resistors 1ri4, etc., from their intended precise 
A zero-set circuit inCluding voltage 
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dtviding variable resistors 180, 180' and 180" con- 
nected in circuit with the meter 50 enables ad- 
justing the meter 50 for zero reading af zero 
range. A biased diode 18! prevents excessive 
voltages af the grid of tube 170 as a protection 
fo the meters 60 against overload curren. 
If should be understood that the circuit de- 
tails thus described are hot neeessarily exclusive 
of other possible circuit arrangements, and that 
many of the details are omitted because of their 
convenionality and fo shorten the description, 
For example, if will be evident that the system 
may be provided with various check points for 
testing and Calibration purposes, and that suit- 
able power supply means are also required. 
actual practice, for example, the beat frequency 
oscfllator 56 is converted fo a high operating fre- 
quency (as seen in Figure 3) by moving the 
switch from position 4 fo any other position, re- 
moving the audible beat note from the detected 
signais. The beat frequency oscillator output 
then rectàfied to produce a negative bias for var- 
ious parts of the circuit. Also, if is frequently 
desirab]e fo utilize a cathode ray tube indicator 
to display the echo signals visibly. 
These and other detai]s are com»aratively un- 
important fo understanding the principles of the 
Invention and so were generally omitted from 
the description. 
- claire as my invention: 
1. Means for continuously detectlng peak a.m- 
plitudes of a recurring voltage wave, comprising 
detector means including rectifier means and 
charge storing means connected operatively in 
.series, circuit means for impressing upon said 
detector mea.ns a recurring voltage wave fo be 
detected, whereby said storing means charges fo 
the wave vo]rage peaks, vacuum tube means con- 
nected between said circuit means and said stor- 
ing means and operable when conductive fo re- 
more charge from said storing .means if the volt- 
age of said storing means then exceeds the volt- 
age of said wave, and means operable synchro- 
nously wlth the recurring voltage wave fo ren- 
tier sa.id vacuum tube momentarfly conductive 
only in the peak periods of said recurring wave, 
thereby to enable the voltage of said charge 
storing means fo follow sensitively decreasing 
.wave peaks as well as increasing wave peaks nor- 
mally rectified through said rectifier means. 
2. Means for continuously detecting peak am- 
plitudes of a recurring voltage wave, comprising 
rectifier .means and storage condenser means 
connected operatively in series and adapted to 
be impressed with the wave fo be detected, a 
vacuum tube amplifier having ifs anode con- 
nected fo the cathode of said rectifier means and 
ifs cathode connected fo the anode of said recti- 
fier means, said amplifier being operable to con- 
duct when inverse voltage develops across said 
rectifier means, and means operable synchro- 
nously with the recurring voltage wave fo tender 
said vacuum tube amplifier conductive momen- 
tarily only in the peak periods of the recurring 
wave fo remove excess charge on said condenser 
if ifs voltage effectively exceeds that of the wave 
peaks, whereby the condenser voltage sensitively 
follows both rising and falling peaks of the de- 
tected wave. 
3. Electronic means for continuously ,measur- 
ing time interval between two sequentially re- 
curring circuit transients, comprising linear saw- 
tooth wave generating means adapted fo be ini- 
tiated by occurrence of the first transient and to. 
be terminated by occurrence of the second tran- 

sient, cyclically, peak sawtooth voltage detecting 
means comprising a rectifier and condenser con- 
nected in series and adapted fo be impressed with 
said sawtooth wave fo produce a charge on said 
5 condenser proportional to peak voltage of the 
sawtooth wave, increases in said wave peaks 
fecting increased charge on said condenser 
through said rectfl2er, and vacuum tube means 
connected between said saw-tooth wave generat- 
10 ing means and said condenser and operable 
when conductivi te remove charge from said 
condenser if ifs charge voltage substantially ex- 
ceeds peak sawtooth wave voltage, means oper- 
able synchronolmly with said wave fo tender said 
15 vacuum tube means conductive momentarfly 
only in the peak periods of said wave, thereby 
enabling condenser voltage to sensitively follow 
both rising and falling wave peaks, and means 
to indicate condenser voltage continuously. 
'0 4. For a distance determining electronic means 
of the puised energy transmission and echo re- 
ception type time interval measuring means 
comprising linear sawtooth wave generating 
means operable for initiation synchronously with 
z5 puise transmission and for termination by puise 
reception, cyclically, peak sawtooth voltage de- 
tecting means comprising a rectifier and con- 
denser connected in series and impressed with 
said sawtooth wave fo produce a charge on said 
;0 condenser proportional te peak voltage of the 
sawtooth wave, increases in said wave peak ef- 
fecting increased charge on Said condensm" 
through said rectifier, and vacuum tube means 
connected between said saw-tooth wave generat- 
 ing means and said condenser and operable 
when conductive to remove charge from said 
condenser if its charge voltage substantially ex- 
ceeds pea.k sawooth wave voltage, means oper- 
able synchronously with said wave generating 
4O means to render said vacuum tube means con- 
ductive momentarily on!y in the peak periods of 
said wave, thereby enabling condenser voltage 
te sensitively follow both rising and falling wave 
peaks, and means fo indicate condenser voltage 
45 continuously, and thereby the distance to be de- 
termined. 
5. For an electronically controlled depth find- 
ing system adapted fo transmit ultrasonic ira- 
puises toward the ocean bottera, and to receive 
50 and amplify the echo impuises, rime interval 
measuring means comprising a scale-of-two cir- 
cuit adapted to be triggered "on" synchronously 
with transmission of impuises and to be trig- 
gered "off" by reception of echo impulses in such 
55 a system, linear saw-tooth wave generating 
means operatively connected to said scale-of-two 
circuit and actuated thereby during the "on" 
periods of said circuit to produce a linearly vary- 
ing saw-tooth wave voltage during such latter 
60 periods, linear peak detector means adapted fo 
be impressed with said wave voltage and having 
a storage element carrying a steady voltage pro- 
portional to saw-tooth peaks, switch means in- 
terconnecting said storage element and .wave 
65 generating means and operable when actuated fo 
equalize storage element voltage with saw-tooth 
wave voltage, and means controlled by said 
scale-of-two circuit and recurringly actuating 
said switch means thereby momentarily only at 
ï0 the terminations of said "on" periods, the volt- 
age of said peak detector storage element there- 
by being a measure of depth. 
6. The combination defined in claire 5, where- 
in the switch actuating means comprises a dif- 
ï5 ferentiating circuit producing a switch actuat- 
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ing mpul_se responsively to the transient of the 
scle=0f=two cizcuit at the termination of each 
"on" period thereof. 
7. Means for measuring rime interval between 
two sequentially recurring impulses, comprising 
square wave generating means recurringly ini- 
tited by one of suid impulses and terminaed 
the .other thereof, linear saw-oth wave generat- 
.ing eans controlled by said square ave 
erating means te produce a saw-tooth wave 
inear voltage variation continuing between such 
itiation and termination, charge storing 
means, charging circuit .eans operatively con- 
necting said linear saw-tooth wave generati 
-meas to .aid charge storiug means Ïor flow of 
chage therein fidire.cionally to aid charge 
storig means, vacuum tube switch means inter- 
connecting aid charge storing means and said 
saw-tooth wave genera[ing mea supplemen- 
aHY fo said charging circuit means, and nor- 
mally biased for isolating said two means but 
Oerable .when actuated by a voltage impflse fo 
pass charge from said chargestoring means and 
thereby equalize voltage of said sring means 
t saw-tooth wave vçltage, and voltage impulse 
generating means operated sultaneously with 

termination of said square wave generatlng 
means to actuate said switch means momentar-- 
ily and thereby automaticlly equaiize voltage of 
said storing means with saw-tooth wave peak 
5 voltage. 
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